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PLASMA FLOW I N  A MULTIPOLE FIELD 

The f low of i o n i z e d  gas  (plasma) and its i n t e r a c t i o n  

w i t h  magne t i c  f i e l d s  are b a s i c  areas of  plasma r e s e a r c h .  
C o n t r o l  of t h e  s t a t e  of t h e  plasma, i t s  d i r e c t i o n  of f low,  

and its p u r i t y  are among t h e  broad a p p l i c a t i o n s  of knowledge 

i n  t h e s e  areas.  S p e c i f i c a l l y ,  t h i s  expe r imen t  is concerned  
w i t h  measur ing  t h e  b e h a v i o r  of a plasma as i t  e n t e r s  and 
f l o w s  a l o n g  t h e  "magnet ic  channel ' '  c r e a t e d  by a m u l t i p o l e  

magne t i c  f i e l d .  Measurements w i l l  be  made t o  d e t e r m i n e  
changes  i n  t h e  d e n s i t y  and energy of t h e  plasma a s  it  moves 

down t h e  f i e l d  and t o  de t e rmine  l o c a l  p l a s m a - f i e l d  i n t e r -  

a c t i o n s ,  i . e . ,  e lectr ic  f i e l d s ,  ev idence  of  t u r b u l e n t  f l o w  

and l o s s  of p a r t i c l e s  from t h e  stream. 

SUMMARY AND CONCLUSIONS 

The m u l t i p o l e  f i e l d  assembly h a s  been t e s t e d  f o r  elec- 
t r i c a l  d i f f i c u l t i e s  and vacuum l e a k s .  I t  proved s a t i s f a c t o r y  
e x c e p t  t h a t  t h e  stepdown t r a n s f o r m e r  w i l l  n o t  s u p p l y  f u l l  

c u r r e n t ,  b u t  a c t i o n  w i l l  be t a k e n  t o  e v e n t u a l l y  remedy t h i s .  
A more e n e r g e t i c  mode of  o p e r a t i o n  of  t h e  c o n i c a l  gun is 
u n d e r  s t u d y  i n  which hydrogen plasma v e l o c i t y  as  h i g h  as  
1 .45  x 1 0  cm/sec w i l l  be deve loped .  7 

DISCUSSION 

The m u l t i p o l e  f i e l d  has  been assembled (F ig .  1 )  and 

is unde r  t es t .  The s y s t e m  h a s  been vacuum t e s t e d  t o  a p r e s -  

s u r e  of  2 x t o r r .  on a tes t  vacuum s y s t e m .  E l e c t r i c a l  
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tes ts  have been c a r r i e d  o u t  u s i n g  20 kv c a p a c i t o r s  t o  f e e d  a 
s i m p l e  a i r  c o r e  t r a n s f o r m e r  c o n s i s t i n g  o f  a 110 t u r n  pr imary  

and a s i n g l e  t u r n  secondary .  Rogowski c o i l  c u r r e n t  measure- 

ments f o r  a 15 kv c a p a c i t o r  v o l t a g e  show t h a t  60 k a  a t  a 
f r equency  of 1380 c y c l e s  is s u p p l i e d  t o  t h e  m u l t i p o l e  f i e l d .  

When w e  improve t h e  h i g h  v o l t a g e  i n s u l a t i o n  it s h o u l d  be 
p o s s i b l e  t o  a t t a i n  80 ka  a t  20 kv c h a r g i n g  v o l t a g e  w i t h  t h i s  
t r a n s f o r m e r .  W e  e x p e c t  t o  improve t r a n s f o r m e r  e f f i c i e n c y  t o  

a t t a i n  t h e  160 k a  d e s i g n  c u r r e n t  a t  a l a t e r  d a t e .  

A more e n e r g e t i c  c o n i c a l  gun o u t p u t  has  been a t t a i n e d  

by o p e r a t i n g  on t h e  second h a l f  c y c l e  o f  gun c u r r e n t  and by 
changing  b o t h  t h e  d e l a y  from a c t i v a t i o n  of  t h e  f a s t  gas 
v a l v e  t o  f i r i n g  o f  t h e  gun and changing  t h e  p r e s s u r e  o f  hy- 
drogen  g a s  i n  t h e  plenum of  t h e  gas v a l v e .  The optimum de- 
l a y  f o r  o u r  geometry w a s  found t o  be abou t  250 microseconds .  
Directed v e l o c i t y  of t h e  plasma a s  h i g h  a s  1 . 4 5  x lo7  cm/sec 
w a s  a t t a i n e d  a t  a plenum p r e s s u r e  of  30 t o r r ,  T h i s  c o r r e -  

sponds  t o  a d i r e c t e d  energy  of a b o u t  100 e V  f o r  hydrogen 

i o n s .  Higher  t o t a l  energy  of  t h e  plasma is a t t a i n e d  w i t h  

plenum p r e s s u r e  o f  abou t  100 t o r r .  

The magne t i c  l o o p  measurement t e c h n i q u e  has  been i m -  
p roved  by t h e  a d d i t i o n  of  a compensa t ing  l o o p  which p r o v i d e s  

a BZ s i g n a l  which is s u b t r a c t e d  from t h e  measur ing  l o o p  

v o l t a g e .  T h i s  p e r m i t s  a more s e n s i t i v e  measure of  t h e  d i a -  

m a g n e t i c  plasma s i g n a l .  Measurements a r e  made by s i n g l e  t u r n  
l o o p s  around t h e  10  c m  d i ame te r  d r i f t  t u b e .  A l l  s i g n a l s  are 
p a s s i v e l y  i n t e g r a t e d  b e f o r e  d i s p l a y  on o s c i l l o s c o p e s .  

A se t  of magne t i c  l oop  measurements is shown i n  F i g .  

2 .  These measurements are f o r  t h e  h i g h e r  ene rgy  reg ime d i s -  
c u s s e d  ear l ie r .  The bank energy i s  5100 J o u l e s  and t h e  BZ 
f i e l d  s t r e n g t h  is  2 k i l o g a u s s .  These da t a  show a n  a v e r a g e  
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7 l o n g i t u d i n a l  v e l o c i t y  of 1 .14  x 10 cm/sec. Q u a l i t a t i v e  
e v a l u a t i o n  of  t h e  r a t e  a t  which t h e  plasma s p r e a d s  i n  these 
s u c c e s s i v e  r e c o r d s  i n d i c a t e s  t h a t  t h e  random ene rgy  has  been 
i n c r e a s e d  i n  t h i s  newer mode of gun o p e r a t i o n .  A n a l y s i s  of 

these second h a l f  c y c l e  plasma p u f f s  t o  d e t e r m i n e  i o n  t e m -  
p e r a t u r e  and number d e n s i t y  i s  n o t  y e t  comple t e ,  b u t  t h e  

smooth appea rance  and r e p e a t a b i l i t y  of these data s u g g e s t  

t h a t  t h e y  s h o u l d  f i t  t h e  computa t iona l  model ve ry  w e l l .  
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